This paper reports on studies of electron trajectories in a combined wiggler and alternating gradient quadrupole field. The quadrupole field is assumed to vary continuously along the symmetry axis. The linearized equations of electron motion are solved analytically for a plane-polarized wiggler by using the twoscale perturbation method. A comparison with the numerical solution is presented, and the conditions for unstable trajectories are discussed.
Introduction
Recently, there has been a growing interest in the study of using free-electron lasers (FELs) to generate coherent and tunable XUV radiation at high intensity.' It has been pointed out2 that to achieve an equal gain in the UV or XUV regime, an FEL needs much higher density in the electron beam and longer wiggler length than an FEL operated in the infrared or visible-light region. Thought is then directed toward using an external focusing channel along with the wiggler in the XUV FEL design.
In this paper, we shall study electron trajectories in combined wiggler and quadrupole fields. Our study will be limited to the plane-polarized wigglers for FELs to be operated in the UV or XUV ranges only. The quadrupole channel considered here is one in which the field quadrupole gradient varies alternately and continuously along the symmetry axis. The wiggler's field is assumed to be concentric with that of the quadrupole channel. To make the analysis tractable, the self-field of the electron beam is ignored, the nonlinear components of the wiggler field are neglected, and the axial speed of electrons is assumed to be constant.
Because of the lengthy and tedious calculations, the details of solving the trajectory equations will not be included here. Interested readers can find details in internal reports by authors.' 4 
Equations of Motion
We choose a Cartesian coordinate system so that the electrons are traveling in the z-direction and the wiggler field is in the y-direction. The z-axis is assumed to coincide with the symmetry axis of the concentric wiggler and quadrupole fields. The origin of the coordinate system is chosen at the entrance of the wiggler/quadrupole channel. We also assume that the wiggler/quadrupole channel extends over all z > 0. We now present some of our numerical results and compare the analytical solutions with the numerical solutions of Eqs. (3) and (4) by the Runge-Kutta method. For the examples given below, because of the excellent agreement there is almost no discernible difference between the plots for these two kinds of computational results. We therefore shall use one figure to show both the numerical and the analytical ,,.,,,,,.,,. ,.. 
